Abstract
I. Introduction
Heat transfer is the exchange of thermal energy between physical systems. The rate of heat transfer is dependent on the temperatures of the systems and the properties of the intervening medium through which the heat is transferred. The three fundamental modes of heat transfer are conduction, convection and radiation. A heat exchanger is a device used to transfer heat between one or more fluids. The fluids may be separated by a solid wall to prevent mixing or they may be in direct contact. They are widely used in space heating, refrigeration, air conditioning, power stations, chemical plants, petrochemical plants, petroleum refineries, natural-gas processing, and sewage treatment. Different heat exchangers are named according to their application. For example, heat exchangers being used to condense is known as condensers, similarly heat exchanger for boiling purposes are called boilers. Performance and efficiency of heat exchangers are measured through the amount of heat transfer using least area of heat transfer and pressure drop. A much better estimate of its efficiency is obtained by calculating over all heat transfer coefficient. Pressure drop and area required for a certain amount of heat transfer, provides an insight about the capital cost and power requirements (Running cost) of a heat exchanger. Usually, there are many theories to design a heat exchanger according to the requirements.
Basically there are different augmentation techniques to increases the heat transfer rate in heat exchanger. Active, Passive and Compound techniques.
Active Technique: This method requires some external power input for the improvement of thermal performance of heat exchanger; examples are mechanical aids, surface vibration, fluid vibration, electrostatic fields, suction and jet impingement.
Passive Technique: This method generally uses amendments to the flow in the tube of heat exchangers by fitting inserts into the tube. Such method does not need any type of external power. Due to these inserts the flow get disturbed and turbulence is created which results in increase in pressure drop, decreasing the tube wall temperature and thereby increase in heat transfer coefficient.
II. Literature Review
Lean manufacturing a production strategy that aims at high levels of production using lesser effort, time and material. It is a combination of Japanese's concept and technique that works together to improve the productivity of the organization, and consequently elevate the organization to a competitive position. It is an integrated business approach adopted to eliminate non-value added activity from the customer delivery cycle in the operation. This approach enables the companies to response quickly and profitably and changes in customer demand. Many people wrongly confine "lean" to the shop floor; actually lean is the way of thinking, and attitude. The technique of lean can be applied to every situation in a company, by finding out what the customer want, eliminating, waster from process and making the value flow continuously according to the customers pull. The idea is to create a culture in which people in an organization are continuously improving their productivity every day, in every way. Some experimental and numerical work on heat transfer enhancement in heat exchanger has been done in the last decades. Both the industrial and academic people have taken interest in this area. The following is a review of the research that has been completed especially on heat transfer enhancement.
[1] Study Performed by Gül¸sah Çakmak et.al Gül¸sah Çakmak et.al [1] , studied the heat transfer, friction factor, and thermal performance factor characteristics of a concentric-tube heat exchanger are examined experimentally. A wavy inner pipe is mounted in the tube with the purpose of generating swirl flow that would help to increase the heat transfer rate of the tube. The examination is performed for a Reynolds number ranging from 2700 to 8800. An empirical correlation is also formulated to match with experimental data of the Nusselt number using the Wilson plot method. In addition, to obtain the real benefits in using the swirl generator at a constant pumping power, the thermal enhancement factor is also determined. Over the range considered, the increases in the Nusselt number, friction factor, and thermal performance factor are found to be, respectively, about 113%, 81%, and 196%higher than those obtained from a smooth-surface inner pipe.
[2] Study Performed by Feilong Zhan et.al Feilong Zhan et.al [2] , experimentally studied to investigate the particle deposition characteristics of wavy fin-and-tube heat exchangers. Experimental conditions cover fin pitch over a range from 1.6 mm to 3.2 mm, particle concentration over a range from 80 kg m-3 to 280 kg m-3 and air velocity over a range from 1 m s-1 to 3 m s-1. The observation results show that the particles mostly deposit on the leading edge of fins as well as the front part of tubes. The weight measurement results show that fin pitch and particle concentration have a monotonic effect on particle deposition, the maximum particle deposition weight per unit area increases by 13.1% and 6.2% respectively as fin pitch decreases and particle concentration increases; while air velocity has a complicated effect on particle deposition, the maximum particle deposition weight per unit area firstly increases by 6.8% and then decreases by 10.9% as air velocity increases.
[3] Study Performed by Fei Duan et.al Fei Duan et. al [3] , numerically studied on the flow and heat transfer characteristics in the fin side of the wavy finned flat tube heat exchanger are compared with experimental results. The influence of the fin spacing, the wave spacing, the wave amplitude and Reynolds number on the flow and heat transfer performances is investigated. The correlations of the Nusselt number and friction factor are obtained by fitting the numerical results. The results show that the intermittent wavy fin can significantly increase the heat transfer than straight fin. The longitudinal vortices can enhance heat transfer, but the transversal vortices appear negative effect on heat transfer. Both of the intensities of longitudinal vortices and transversal vortices do not uniquely determine Nusselt number for all configurations.
[4] Study Performed by Gun Woo Kim et.al Gun Woo Kim et.al [4] , numerically studied on heat transfer enhancement by cross-cut induced flow control in a wavy fin heat exchanger. The concept of cross-cut is cutting fin in a direction perpendicular to the flow direction. The simulation was performed using non dimensional governing equations for a steady laminar flow. The parametric study was conducted to find the optimum position and length of the cross-cut. The results showed that the heat transfer performance of optimized cross-cut wavy fin was enhanced by a maximum of 23.81% greater than a typical wavy fin. The pressure drop also increased by a maximum 7.04% in optimized case.
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[6]. Study Performed by S. Vahidifar and M. Kahrom S. Vahidifar and M. Kahrom [6] , studied heat transfer characteristics and the pressure drop of a horizontal double pipe heat exchanger with wire coil inserts. They studied the characteristics of the heat transfer and the pressure drop of a double pipe horizontal tube heat exchanger with an inserted wire coil and rings. Wire coil acts as a swirl flow, which increases turbulence and roughness whereas rings increase heat transfer as a promoter of turbulence and roughness. The experimental data sets were extracted from wire coils and rings tested within a geometrical range with a pitch of (P/D=1, 2, 4) and wire diameter of (d/D=0.05, 0.07, 0.11). For wire coil with d/D=0.11, P/D =1 and Reynolds number of 10000, the overall enhancement efficiency amounted to 128%.
[7] Study Performed by Dhanraj S.Pimple Dhanraj S.Pimple [7] , experimentally studied to investigate the heat transfer and friction factor data for single -phase flow in a shell and tube heat exchanger fitted with a helical tape insert. In the double concentric tube heat exchanger, hot air was passed through the inner tube while the cold water was flowed through the annulus. The influences of the helical insert on heat transfer rate and friction factor were studied for counter flow, and Nusselt numbers and friction factor obtained were compared with previous data (Dittus 1930, Petukhov 1970, Moody 1944) for axial flows in the plain tube. The flow considered is in a low Reynolds number range between 2300 and 8800. A maximum percentage gain of 165% in heat transfer rate is obtained for using the helical insert in comparison with the plain tube.
[ [9] Study Performed by C. K. Pardhi C. K. Pardhi [9] , studied experimentally investigation on performance improvement of double pipe heat exchanger by using turbulator. As compared to conventional heat exchanger the augmented has shown a significant improvement in heat transfer coefficient by 61 % for twisted tape I and 78% for twisted tape II. When only heat transfer capacity of heat exchanger is criteria regardless of pressure drop or pumping power the twisted tape is more superior as compared with smooth tube (1.6 to 1.8 times). On equal pressure drop and equal pumping power basis the smooth tube is better to twisted tape ( [11] , experimentally investigated on heat transfer augmentation in double pipe heat exchanger using mechanical turbulators. The Nusselt number is found to be enhanced by 11.46, 17.88 and 26.76 % with DCST-C pitches P = 15, 10 and 5 cm, vis-à-vis plain tube. Friction factor and pressure drop characteristics were also studied and evaluated. It reveals that, with an increment in DCST-C pitch, friction factor and pressure drop increases. DCST-C offers a maximum of 20.79, 48.59 and 66.87 % friction factor with 15, 10 and 5 cm respectively, vis-à-vis friction factor generated by plain tube. The experiment for augmentation of heat transfer is successfully performed with DCST-C arrangement in double pipe heat exchanger and heat transfer is enhanced by 26.76 %, Friction factor is increased maximum of 66.87 % for DCST-C pitch 5 cm vis-à-vis plain tube. However, thermal performance factor gives maximum value 1.0525 for DCST-C pitch 15 cm. 
[13] Study Performed by Kadari Deepika and Elumagandla Surender
Kadari Deepika and Elumagandla Surender [13] , both they have studied and experimental analysis the design and fabrication of Concentric tube heat exchanger. They Designed and fabricated with 1.8m long copper pipe and galvanized iron pipe is utilized for tube and shell material.
The experimental analysis is conducted by passing hot water in inner pipe and cold water in the annulus. The experiment is performed with both parallel and counter flow configurations under three mass flow rates conditions where cold water flow rate and hot water flow rate are changed. Inlet and outlet temperatures are measured by using thermocouples at various locations. The overall heat transfer coefficient is calculated and compared with both parallel and counter flow for theoretical and actual performance of heat exchanger and found counter flow heat transfer is increased than parallel flow.
[14] Study Performed by K. Anand et.al K. Anand et.al [14] , They Have been studied to investigate the heat transfer rate of a shell & tube heat exchanger with the use of twisted tapes in the tubes of the heat exchanger. The use of the twisted tape causes the swirl flow behavior that enhances the heat transfer coefficient considerably. The investigation is made in a circular tube with twisted tape inserts using KERN method. It was found that the heat transfer coefficient and the pressure drop in the tubes with the longitudinal twisted tape inserts were 7-16% and 100-170% greater than those of plain tubes without inserts. When the longitudinal strip inserts with holes were used, the heat transfer coefficient and the pressure drop were 13-28% and 140-220%, respectively, higher than those of plain tubes. The heat transfer coefficient and the pressure drop of the tubes with twisted-tape inserts were 13-61% and 150-370%, respectively, higher than those of plain tubes. Furthermore, it was found that the reduction ratio in the heat transfer area of the tube of approximately 18-28% may be obtained if the twisted-tape tube inserts are used.
[15]. Study Performed by G. Nagarajan and S. Ranganathan G.Nagarajan and S.Ranganathan [15] , Both They have been investigated to study deals with CFD simulation of concentric tube heat exchanger and concentric tube heat exchanger with insert used for heating air using ANSYS FLUENT Software for steel. Design process for heat exchanger and insert has been carried out in solid works fluid domain is formed in ANSYS workbench, followed by meshing in default mesh tool of ANSYS and solution is developed using ANSYS Fluent software as Finite element tool and the results are compared between the two designs for parallel flow. The heat transfer enhancement effect is primarily due to induced turbulence which gives higher heat transfer rates. The inner convective heat transfer coefficient for rectangular insert
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[16] Study Performed by Maughal Ahmed Ali Baig et.al Maughal Ahmed Ali Baig et.al [16] , they have been an experimental investigation carried out to find the overall performance of suitably designed concentric tube heat exchanger with passive heat transfer augmentation technique. The desired augmentation is attained with the help of twisted tape inserts. Experimental investigations have been carried out to study the effects of tape inserts on the performance of concentric tube heat exchanger. Effectiveness, overall heat transfer coefficient and LMTD are analyzed using mentioned heat transfer augmentation methods. From the graphs plotted the following conclusions are made the heat transfer in the heat exchanger could be enhanced by using Tapes, the full length twisted tape increases heat transfer by a percentage of 8.9% and Twisted tape with holes and baffles of present configuration underperform compared to full twisted tape.
[17] Study Performed by S. Eiamsa-ard et.al S. Eiamsa-ard et.al [17] , experimentally investigated on Heat transfer, flow friction and thermal performance factor characteristics in a tube fitted with delta winglet twisted tape, using water as working fluid. Influences of the oblique delta-winglet twisted tape (O-DWT) and straight delta-winglet twisted tape (S-DWT) arrangements are also described. The experiments are conducted using the tapes with three twist ratios (y/w = 3, 4 and 5) and three depth of wing cut ratios (DR = d/w = 0.11, 0.21 and 0.32) over a Reynolds number range of 3000-27,000 in a uniform wall heat flux tube. The obtained results show that mean Nusselt number and mean friction factor in the tube with the delta-winglet twisted tape increase with decreasing twisted ratio (y/w) and increasing depth of wing cut ratio (DR). It is also observed that the O-DWT is more effective turbulator giving higher heat transfer coefficient than the S-DWT. Over the range considered, Nusselt number, friction factor and thermal performance factor in a tube with the O-DWT are, respectively, 1.04-1.64, 1.09-1.95, and 1.05-1.13 times of those in the tube with typical twisted tape (TT).
[18] Study Performed by Ye Yao et.al Ye Yao et.al [18] , experimentally studied to investigate on the heat transfer enhancement of water-water heat exchanger in shell-and-tube type assisted by power ultrasonic. The acoustic frequency of ultrasound transducer employed is about 21 kHz, and three power levels (40W, 60W and 100W) are used for this study. The impact of water flow rate and inlet water temperature in the tube as well as the ultrasonic power on the enhancement was investigated. It was found that the water flow rate and ultrasonic power levels would produce great influence on the enhancement by power ultrasound which decreased with the increasing water velocity in the tube and the decreasing acoustic power. 
III. Proposed Work
The aim of the present work is to investigate experimentally, the effect of wavy tube on heat transfer in a concentric tube heat exchanger. The details of the experimental set-up are as follows:
Table3.1. Details of experimental set-up
The parameters will be varied during the experimentation are mass flow rates and hot water inlet temperatures. 
IV. Experimental Setup

VI. Conclusion
The purpose of this work is to study the performance of heat exchanger under influence of inner plain and wavy tube. For this study counter flow as well as parallel flow heat exchanger is used. Experiments have been performed by varying parameters like mass flow rates and hot water inlet temperatures. As per the results obtained from the experiment conducted on various hydrodynamic configurations in heat exchanger using plain and wavy tube, it can be concluded that; As shown from results, enhancement of overall heat transfer coefficient is dependent on mass of flow rates.
Overall heat transfer coefficient is enhanced upto 47.66 % at maximum mass flow rates for Mh = 0.033 Kg/s and Mc = 0.033 Kg/s at hot water inlet of 50 °C and cold water inlet of 34 °C. Though results shows effect of wavy tube can enhance the performance of heat exchanger.
